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Dcccription 

Hand-held, ergnnomic capacitive ctmplifier and hand-held tone 
generator to be used in conjunction with the capacitive 
S amplifier 

Background of the invention 

1. Field nf the invention 
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The present invention relates in general to capacitive ampli- 
fiers used to identify and trace a particular wire within a 
group of wjrfis, and more particularly, to a capacitive ampli- 
fier having a aupprcccion unit for suppressing unwanted noise 
15 signals. The present invent-ion relates aloo to a tone genera- 
tor Tor use in conjunction with th« capacitive amplifier. 

2. Description of the relevant art 

20 Capacitive amplifiers or elftrttric field tone detectors are 
used by r.elecomnmniceLLions, data, alarm or electrin service 
personnel to identify and tranft cables in a bundle of cables 
or inside or behind walls or trace and identify pairs ot 
wires in a bundle of pairs of wires without the need for 

25 punctuation, de- insulation or damaging the insulation ot the 
particular wire. These capacitive ampliliexs are used in con- 
junction With low frequency tone generators, also ca Lied ton- 
ers. The toner has to b« connected on the known side of the 
cablp or wire pair to inject the tone freguency into the par- 

30 ticrular wiro pair or eablR. 

The probe tip of the capacitive amplifier h<as to be moved 
over the cable or bundle of wire pairs or along a wall to 
identify the particular connected wire pair conducting the 
3b injected audio tone or the cable itself- Tn this way the ca- 
ble path or the right pair can be separated from the others. 
The capacitive amplifier typically includes a built-in loud- 
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speaker which is located opposite the probe tip and whinh can 
be used to produce an audibl* signal derived from the in- 
jected audio tone. In addition, terminals may be provided for 
allowing a rugged service telephone handset, or buttset, to 
5 be attar.hed to the eapacitive amplifier to reproduce the de- 
tected audible tone in the earphone of Che buLtset. 

The normal use of such capanitive amplifiers may, however, be 
obstructed by noisy environments from power lines or differ- 

10 ent kinds of electrical devices. Electrical power ia provided 
as an alternating current signal having a frequency ot 50 or 
60 Hz and for example in areas where power distribution pan- 
elB for a building are located a power line hum i s present: 
which is composed of a 50 or 6U Hz siqnal plus harmonico 

15 thereof. Such noisy signals can be unwantedly picked up by 
the probe tip and are often much greater Uieui the amplitude 
of the signal ouLput by the tono generator. Thus tinding the 
location of the desired pair of wires or the desired cignal 
cable is difficult. 

20 

Accordingly, iL is an object of the present invention Lo pro- 
vide a oapacitivA amplifier adapted to amplify the tone sig- 
nals provided by a tone generator whils suppressing noise 
signale present in a noisy environment . 

25 

It id another ofojftrn of Che present invention to provide a 
tone generator for use in conjunction with the above ca- 
pacitive amplifier and for providing tone signals to be de- 
tected and amplified by the capacitiv« amplifier. 

20 

Summary of the invention 

The present invention provides a eapacitive amplifier for de- 
tecting and amplifying an electrical tone conducted by one of 
35 a group of wires in order to identify and trace a particular 
wire, the capaciLive amplifier suppressing noise* signals hav- 
ing a predetermined fundamental noise frequency and supprcos- 


ing noice signals having frR.qnencies that are harmonics o£ 
said predetermined fundamental noi3C frequency, wherein said 
capacitive amplifier comprifl«« a probe for being placed adja- 
cent: a wire mule* Lest, an input terminal coupled to the 
5 probe for receiving an input signal therefrom, a suppression, 
unit: coupled Lu the input terminal for receiving the input 
signal and for Riippressing said noise siqnals, and an ampli- 
fier coupled to the suppression unit to amplify the noiseless 
output signal . 
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In one preferred embodiment said suppression unit is arranged 
for receiving the input signal and for providing a time- 
delayed signal of the? input signal and to subtract the time- 
delayed signal from the input oignal, wherein the time- 
15 delayed signal is delayed by a delay period substantially 

equal to the inverse of the noioe frequency to be suppressed 
or an integer multiple thereof. 

In one further preferred embodiment said suppression unit 
20 comprises an analog to-digital (A/D) converter coupled to the 
input terminal for converting the input signal into a digital 
signal, a memory coupled to said A/D converter for storing 
digital input signal values, a subtraction unit for receiving 
time-delayed digital signal values from said mftmrrry and tor 
25 subtracting time-delayed digital signal values from digital 
signal values, and a digital-to-analog (H/A) converter cou- 
pled to said subtraction unit. 

In one further preferred embodiment said subtraction unit is 
30 part of a central processing unit (CPU) or its tunction are 
conducted by said CPU and said CPU is arranged for reading 
out oaid digital signal values from R*iri memory after a stor- 
age time, said storage time being identical with the delay 
time/ and for subtracting thflRA time-delayed digital signal 
35 values from actual input digital signal valucc. 
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By setting the storage time of digital signal values in the 
CPU the unwanted frequency and their harmonics can be ad- 
justed* Therefore, the noise suppression nan be programmed by 
software, with this scheme it is also possible to detect the 
5 existence of any specific frequeriny in the input: signal and 
to indicate the existence ux non-existence with LED 1 o on the 
unit housing. 

In another preferred embodiment said capacitive amplifier 
10 further includes a high pass filter coupled to said input 
terminal. In this embodiment said high pass filter is pref- 
erably comprised of a differential amplifier, wherein the 
positive input port of said ditterential amplifier is coupled 
to said input terminal and the negative input port of said 
15 differential amplifier i r coupled to the output of a low paa* 
filter and the input of said low pass filter is coupled to 
said input port. The r.ut-ott trecjuency of said low pae* fil- 
ter is preferably about 300 Ha. 

20 In one further preferred embodiment caid high pass filter is 
part of a preamplit ier stage comprising a preamplifier and 
said high pass filter. 

In another further preferred embodiment said capacit.ive am- 
25 plifier further includes a volume tunixiy section coupled to 
said input terminal, wherein said volume tunjng section com- 
prises a digital potentiometer and a push buLLon section for 
switching on said capacitive amplifier and for antnating said 
digital potentiometer, in a preferred embodiment thereof said 
30 push button section comprises a push button and three eiec- 
friral contacts arranged in a line such that by pressing the 
push button the middle contact is closed (by pressing it on a 
printed wire line) and the capacitive amplifier is switched 
on thereby and by shifting the pressed push button in the 
35 forward or the backward direction the front or the back con- 
tact is additionally actuated and the digital potentiometer 
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ia thereby controlled to increase or* to reduce the signal 
level • 


in another preferred embodiment said capacitive amplifier, 
s further includes a probe with an electrically non- conductive 
probe tip, preferably made of carbon fiber or anodized alumi- 
num, so that at least the surface ot the probe tip is elec- 
trically non-conductive or high-resistive. The probe tip can 
therefore be metallic or rpiaRi -metallic while being electrl- 
10 cally nun- conductive or having an electrically non- conductive 
surface. Thus the probe tip comprises a good mechanical sta- 
bility and good electrical isolation proportion . 

The present invention provides also a tone generator for use 
15 in conjunction with a capacitive antplifier according to the 
above, wherein said tone generator comprises a 4 poaition 
slide switch for r«1 ecting between the modes square wave, 
sine wave, continuity and talking mode, wherein in the square 
wave mode th« tone signal is output as a square wave siqnal, 
20 in a sine wave mode the tone oignal ic output as a sine wave 
signal, in the continuity mode the continuity oL any conduc- 
tor, circuit or electronic part can be tested, and in the 
talking mode a specified DC voltage can be delivered. 

2* Brief description of the drawings 

Fig. 1 is a schematic block-diagram oL a cc±pdLciLive 

amplifier according to an embodiment of thn in- 
vention. 
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Fig. 2 an embodiment of the high, pass filter. 


Fig. 3a f b f c an embodiment of Lite push button section show- 
ing the three contacts in a tnp vi p.w (a) , the 
35 whole push button section in a side view (b) , 

«nrt the push button section in a top view and a 
front side view (c) . 
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Ar.rorciing to Fig- 1 a signal emerqing from a wiie ui a wire 
pair is coupled into a probe tip of the capacitive amplifier 
and is coupled into a high impedance input- stage 1 and ampli- 
5 ficd by a high sensitive FET amplifier. An ovpt-vo! tagft pro- 
tection is coupled to the input of the amplifier. The probe 
tip can bo made of carbon filter material or from snorii 7.ftd 
aluminum. 

10 The output: of the hiqh impedance input stage 1 is coupled 

into a preamplifier stage 2 having contained therein a high 
pass filter. The hiqh pass* filLex is depicted in Pig. 2. The 
signal is divided and input into a differential anrpHtifvr . 
The positive input of the differential amplifier 21 receives 

15 the unchanged signal whereas the negative* input ot the dif- 
ferential amplifier 21 receive* Lhe signal which has passed 
through a low pass filter 20 having a cut -off frftqniftnoy ot 
about 300 Hz. Thia itibiilts in a strong attenuation of the 
fundamental 50/60 Hz frequency up to -fiO dtt. 

20 

The output of the preampliJ: ier Rtag« 7. if? input into a volume 
tuning jaecLion 3. In the volume timing section 3 the aenci- 
tivity (volume) nan he* increased or decreased by the user. 
The volume Luxxiug section 3 comprises a digital potentiometer 

25 which can be actuated by means ot a push button section 11. 

The push button section 11 is depicted in more detail in Fig. 
3. As can be seen in Fig. 3b, the push button section has 
Lhree contact fields made of conductive carbon rubber. The 
middle contact is about 0,5 mm longer than the others . There- 

3 0 fore, only this middle contact is doped if the pueh button 
11.1 iR pressed down. Below the electrical contacts 11.2 are 
fuiiued metallic printed wires on a TCB board. The rubber mem- 
hrariRR 11.3 serve for a tilting movement when actuating the 
push button 11.1. The capacitive amplifier is switched on by 

35 pressing the push button 11.1 downwards thus uiakiny contact 

between the middle contact and a printed wire-Tim* on the. PCB 
board. By holding and moving the push button 11.1 in the 
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front direction the front contact is additionally closed. 
This is used Lo increase the sensitivity by means of the 
digital potentiometer, i.e. Anrrreasing the signal level. By 
moving the puah button 11. 1 backwards the sensitivity can be 
decreased. As long as the push button 11. i is pressed down, 
the uniL will stay in the ON position. After release of the 
push button n . i , the volume position will be stored and the 
unit will switch off. In another version the middle contact 
has a toggle function. By pressing the push button li.i down, 
Lliss unit will be switched on and stay in the ON position for 
around 4-5 minutes. Atter this time the unit is switched 
off. If during the ON time the push button 11.1 is pressed 
down and released in a time frame of 1 second, the unit also 
switched off. 

On the housing of the capacitive amplifier a light indicator 
is mounted in the form of an LED bar containing 5 red LED 'a. 
This LCD's are mounted in a row to indicate also the sensi- 
tivity position of the digital potentiometer. 

The output of the volume tuning section 3 is Lhen input into 
a linear preamplifier 4. 

The output of the linear preamplifier 4 is input into an A/n- 
and D/A- conversion unit 5. The sigxial la first input into an 
analog/digital (a/d) converter SA for converting the ana Log 
signals into digital signal values with a 13 bit resolution. 
Thcoc digital signal values are then stored in a memory 7 by 
control of a central processing uniL (CPU) 6. The a/d- and 
D/A conversion unit 5, the CPU 6 and the memory 7 form to- 
gether a suppression uniL for suppressing noise frequencies 
contained in the analog signal as delivered from the linear 
preamplifier 4. Fox this purpose subtraction operations arc 
carried out in the CPU 6. The analog signal is sampled in the 
A/D converter 5A with a rate of 0 kllz. The digital oignal 
values then wi 1 I be stored in the memory 7 . The digital sig- 
nal values are stored for a time which corrcoponde to the 
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time period of the noise f-r«qnency to be suppressed- 'ibis 
means 20 uts for 50 Hz and harmonic frequency thereof, and 16 
ms for 60 Hz and harmnnir frequencies thereof. By changing 
the y Luring time, the result can be changed to nearly any 
5 frequency. Aft^r the storing time the scored signal will be 
compared in the CPU 6 with the streaming, unotored digital 
signal values and both signals are subtracted from each 
other. The result is for example a data stream without the 
50/60 H* frequencies and all harmonic frequencies thereof. 
10 The subtraction resolution io 1 H2. The subtraction results 
are then delivered to the D/A converter 5B and are chanqed 
back to an analog signal • In the D/A converter 5B there can 
be included also a power amplifier to drive a loudspeaker 10 
to make the signal audible. 
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The unit also contains an earphone jack to connect an ear- 
phone. The jack switches automatically the unit on. Thi* 
means that ao long as the user needs the earphone the probe 
nan be used without the need to .push the ON push but Lou 11.1. 
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The above described capacitive amplifier can be used in con- 
junction with a hand-held, battery powered tone generator 
which contains a micro -processor and which has four different 
high precipe frequencies, two solid tones and two alternating 

2b tone combinations and low baLLery indication. The device com- 
prises also a visible "ON" indication as we I L as selectable 
square wave and sine wave ouLpuL. The ON indication is rea- 
lized by translucent silicon rubber buttons tor the solid and 
alternate mode, respectively. I£ Lhe solid mode is on, the 

3 0 whole button lights up and gives a very good visible indica- 
tor - even from a biy diaLance. The unit has an automatic 
ohut-off after 45 minutes. To have morA working time there is 
also an automatic shut -off override. There is an additional 
rubber button to switr.h the unit OFF by pressing one button. 

35 The signal output is symmetric, terminated with 600-1300 Ohms 
and nvftr voLtage protected up to 380 V AC in any mode. Alter 
switching the unit on by pressing the SOL or ALT button the 


built in piczo transducer sounds for a second the transmitted 
frequency. The output level is aelecLaLle by a 2 -position 
slide owitch from 9 V pp to 18 V pp. A 4 -posit ion slide 
switch allows selecting Lh« mude square wave, sine wave, con- 
5 tinuity and talking mode. In the continuity mode the unit al- 
lows to test the continuity uL any conductor, circuit or 
electronic part up to 100 Ohms. The current through the cir- 
cuit will never be hiqher as 0,6 ua. This prevents any cir- 
cuit not to be damaged. In the talking mode th* unit livers 

10 a "line" voltage of 18 V DC and a maximum current of 10 raA to 
drive any test telephone on a deadline. Th« special talk cir- 
cuit is hiyh uhmie to the voice -band frequencies so that they 
are not shorted- With this circuit it in possible no drive 
two or more LeuL Lelephones on a deadline to establish a 

.15 "party-line" for the tenhni nians. 

The tone generator is connftntflti by two .Leads with clips or by 
a pIuh (depending on country) on the known end of the cable. 
In the continuity nindp the. user can tirst check whether there 

20 is a short circuit between the lines. If there ic no chort 
the user can switnh on r.he trace signal, sine wave or square 
wave. The sine wave mode protects the other oorvicec on the 
cable. Tf it is a long loop or a low ohmic termination, the 
ouLput level can be changed up to 10 V to have enough cignale 

25 to find the cable or wire. The tracing of the cable path is 
done with the above deocribed capacitive amplifier. 

The tone generator ia light weight and easy to use because of 
thR nl«ar and logic construction. It is easy to select the 
30 mode with the help of the olide switch with 4-positions, 
square wave, sine wave, continuity and talking mode. Tu 
change the output level there ic a 2 -position slide switch 
having the positions low and hlqh. To change the kind of out- 
put signal there are two buttons with T.ian indicator for solid 
tone and alternating tone- Thereruie wiLhout changing the 
level and mode, the unit can be switched on and ott again. 
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Thio ic very time saving as it can be seen every time what 
mode and volume is selected. 
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